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6 Towards a measure of non-economic 
wellbeing achievement 
Mark McGillivray 
6.1 Introduction 
It has become commonplace to treat wellbeing as a multidimensional 
concept, enveloping diverse, separable or behaviourally distinct com-
ponents, domains or dimensions. 1 Accordingly) a wide and growing 
range of national wellbeing achievement indicators now exists, with each 
intended to capture one or more of these dimensions. 2 Indicators of 
health and education status are widely used and available for large 
samples of countries. Multidimensional indicators are also popular. The 
best known and most widely used multidimensional indicator is the 
Human Development Index (HDI)) which is published annually and 
now available for more than 170 countries (UNDP 2004). These 
indicators, along with most of their counterparts, are often seen as 
Earlier versions of this chapter were presented at a WIDER research seminar in Helsinki 
in April 2003, at the WIDER Conference on Inequality, Poverty and Human Wellbeing in 
Helsinki in May 2003, at the Development Studies Association Annual Conference in 
Glasgow in September 2003, at a research seminar at the Institute of Social Studies in The 
Hague in February 2004 and at the WeD-WIDER International Workshop on 
'Researching Wellbeing in Developing Countries' at the Hanse Institute for Advanced 
Study in De1menhorst, Germany in July 2004. The author is grateful to participants of 
these events, in particular James Copestake, David Fielding, Charles Gore, Ian Gough, 
Nanak Kakwani, Stephan Klasen, Massoud Karshenas, Mozaffar Qizilbash, Oliver 
Morrissey, Mansoob Murshed, Farhad Noorbakhsh, Matthew Odedokun, Mariano 
Rojas, Richard Ryan, Tony Shorrocks, Frances Stewart, Subbu Subramanian, Erik 
Thorbecke, Rob Vos, Guanghua Wan and Adrian Wood for useful comments. The author 
is particularly grateful to Allister McGregor, who can claim partial responsibility for the 
selection of 6c,:i as the label for the non-economic wellbeing indicator proposed in this 
chaprer, and to Sarah White, for many stimulating conversations on wellbeing and its 
measurement that influenced parts of this chapter. The usual disclaimer applies. 
1 See, for example, Cummins (1996), Doyal and Gough (1991, 1993), Finnis (1980), 
Galtung (1994), Narayan (2000), Nussbaum (1988), Qizilbash (1996), Sen (1990, 
1993), Stewart (1996) and UNDP (1990). Alkire (2002b) provides an excellent survey 
of the literature. 
2 For the purposes of this chapter, notions such as human wellbeing, quality of human life, 
human development, and basic human needs fulfilment are treated as synonymous. 
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alternatives to income per capita and are hoped to shed light on well-
being achievement that economic indicators cannot. This is obviously 
consistent with a multidimensional conceptualisation of wellbeing: 
income per capita might be a valid indicator of achievement in a material 
or economic dimension of wellbeing, but not of achievement in others. 
Yet as valid as the preceding case might sound, the commonly used or 
standard indicators of non-economic wellbeing achievement are often 
highly correlated, both ordinally and cardinally, among countries with 
income per capita? Inter-country variation in non-economic wellbeing 
achievement, measured using these standard measures, is, therefore, 
well predicted by variation in economic wellbeing. An implication of this 
relationship is that these measures might not capture the richness or 
vitality of the wellbeing concept, giving an incomplete picture of it or at 
least the part of it that they are intended to capture. The contribution of 
the standard non-economic measures ha£ been questioned on these 
grounds, with some commentators going so far as to claim they are 
empirically redundant vis-a-vis income per capita.4 
Yet a simple and instructive point has been given insufficient attention 
in the literature. While there is a high correlation between income per 
capita and the standard non-economic indicators in large and diverse 
samples of countries, some countries perform better in the latter than 
predicted by the former and some countries perform worse. What would 
seem, therefore, to be more interesting and informative, than correla-
tions between indicators, is that variation in measures of standard 
3 See Cahill (2005); Hicks and Srreeten (1979), Larson and Wilford (1979); McGillivray 
(1991), McGillivray and White (1993), Noorbakhsh (1998) and Srinivasan (1994). These 
correlations hold for large samples of countries, both developed and developing. One can 
speculate why this might be so, but it is entirely reasonable to posit that higher per capita 
incomes facilitate private and public expenditure on goods relevant to higher non-
economic wellbeing achievement. Smaller country samples yield much lower correlation 
coefficients, although in most cases these coefficients are statistically significant. Larger 
correlations do not necessarily hold for samples of individuals or households at the sub-
national level, however (see, for example, Klasen 2000). As such it must be emphasised 
that the context referred to in this chapter is for countries, not individuals or households. 
4 See Cahill (2005), Larson and Wilford (1979), McGillivray (1991) and McGillivray and 
White (1993). The redundancy label has been assigned on the basis of correlation 
coefficients between the non-economic indicators and per capita income typically ranging 
from the lowO.70s upwards. Larson and Wilford (1979), for example, considered the PQLI 
to be empirically redundant based on the correlation between it and GNP per capita of 
0.776. McGillivray (1991) draws this conclusion for the HDI based on a correlation 
coefficient between it and GNP per capita of 0.889. More generally, it is not uncommon for 
correlations between non-economic indicators to range from 0.70 to 0.90 or higher. It 
should of course be emphasised that the HDI includes an economic component indicator. 
For convenience we simply refer to it as a non-economic indicator. As is outlined below; a 
non-economic indicator is, for the purposes of this chapter; treated simply as one not 
entirely based on some measure of income per capita. 
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non-economic wellbeing achievement not accounted for by income per 
capita. Amartya Sen, in various publications, and the UNDP, in its 
Human Development Reports, address this variation, but stop short of 
providing a formal analysis of it. 5 A formal measure of this wellbeing 
achievement, on which international comparisons might be based, 
would thus appear to be warranted. While one should always view 
empirical measures with some degree of caution, among the insights 
provided by such a measure is the systematic identification of those 
countries that have better non-economic wellbeing achievement than 
their economic achievement predicts. This information is important if 
we accept that there is more to wellbeing achievement than what has 
been achieved in its economic sphere. It also allows us to begin to ask 
why some countries do better in this regard than others. 
This chapter commences by extracting, using principal components 
analysis, the maximum possible information from various standard 
national non-economic wellbeing achievement measures. It then 
empirically identifies the variation in this extraction not accounted for 
by variation in income per capita, in the form of a variable called f-Li' 
This variable is the residual yielded by a cross-country regression of the 
extraction on the logarithm of Purchasing Power Parity (PPP) GDP per 
capita. f-Li is interpreted inter alia as a measure of non-economic human 
wellbeing achievement per se, in the sense that it captures wellbeing 
achieved independently of income. Given that f-Li is purely a statistical 
construct, obtained econometrically, the chapter then looks at correla-
tions between this measure and variants of it and other wellbeing or 
wellbeing-related indicators in an attempt to find the variable or group 
of variables that best captures non-economic wellbeing achievement. It 
should be emphasised that this is a pure measurement exercise, in that 
inferences regarding causality are not drawn explicitly. It is of potential 
practical benefit, however, as it provides a case for allocating more 
resources to the collection and reporting of the variables, especially if the 
variable or variables are available or reported for relatively small samples 
of countries. Alternatively, it provides a case for more use of the variables 
in wellbeing assessments if they are available for reasonably large samples 
of countries. Among the measures not as widely reported or available 
across countries or not as widely used as those mentioned above, two 
variables perform best in this regard. One is a measure of gender 
empowerment and the other is a measure of educational attainment. It is 
5 See, for example, Dreze and Sen (1991). The UNDP examines this variation by 
reporting the difference between each country's GDP per capita and HDI rankings (see, 
for example, UNDP 2004: 139-142). 
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found though that none of these measures perform consistently better 
than a very widely used one~ that measure being adult literacy. 
6.2 Non-econonlic wellbeing achievement 
We commence by identifying a class of non-economic variables, each of 
which is rather highly correlated with income per capita, which is available 
for large samples of countries and is widely used. For convenience, and 
following on from the discussion of the preceding section, we shall label 
them as 'standard indicators'. The chosen standard indicators are years of 
life expectancy (x; i)' the adult literacy rate (x~ i) and the gross school 
enrolments ratio (~~ i)' Thus there are three variables (xt i where k = 1, 
... , m) for a sample 'of i countries (where i = 1, ... , n). The superscript t 
indicates that these variables are transformed in a way for subsequent 
statistical application. Data on these variables are taken from the UNDP's 
Human Development Report 2002 (UNDP 2002). These variables are three 
of the four components of the HDI. As Tables 6.1 and 6.2 show, they are 
indeed quite highly correlated among each other, with PPP GDP per capita 
and the HDI as a whole. The Pearson (zero-order) coefficients between 
these variables and the logarithm of PPP GDP per capita in Table 6.1 
range from 0.701 to 0.794 and the corresponding Spearman (rank-order) 
coefficients in Table 6.2 range from 0.695 to 0.840. 
Our next step is to combine the three variables above into a single 
index, denoted Wi. We extract the maximum amount of information from 
these variables~ subject to a normalisation condition~ using principal 
components analysis.6 This extraction, the first principal component~ is 
treated as a 'standard' index of non-economic wellbeing. Wi shares some 
similarities with the HDI, given that they share a number of variables~ 
but at the same time is seen as a wellbeing indicator in its own right.7 The 
first principal component is a linear combination of the variables under 
consideration (xt i) that exhibits the maximum variation permitted by the 
, 
6 Ram (1982), Ogwang (1994) and Lai (2000) also use the principal components 
technique to derive wellbeing measures. 
7 The HDI is a weighted average oflife expectancy, adult literacy, gross school enrolment and 
the logarithm ofPPP GDP per capita, each scaled within theoretical ranges of zero and one 
hundred. The first and fourth of these variables are assigned weights of one third, while the 
second and third variables are assigned weights of two ninths and one ninth, respectively. It 
follows that Wi differs from the HDI in that it assigns different weights to each variable 
(income per capita receives a weight of zero through its exclusion) and that the variables are 
transformed using a different procedure, outlined below. Ranis, Stewart and Ramirez 
(2000) use a similar index, which is identical to the HDI in all respects other than assigning a 
zero weighting to income per capita. Wi is preferred here mainly because it captures more 
variation in the component variables but also because its weights are less arbitrary (although 
of ambiguous theoretical interpretation). 
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Table 6.1 Zero-order (Pearson) correlation coefficients between 
commonly used wellbeing indicators (n = 173) 
Life Gross PPP GDP 
expectancy Adult enrolment per capita 
(Xl) literacy (x2,D eX3,;) HDI (log) (lny;) 
Life expectancy (x!,;) 1.000 
Adult literacy (X2,;) 0.726 1.000 
Gross enrolment (X3,;) 0.736 0.803 1.000 
HDI 0.925 0.870 0.881 1.000 
PPP GDP per capita 
(log) (lny;) 0.794 0.701 0.792 0.923 1.000 
Table 6.2 Rank-order (Spearman) correlation coefficients between 
commonly used wellbeing indicators (n = 173) 
Life Adult Gross PPP GDP 
expectancy literacy enrolment per capita 
(Xl,;) (X2) (X3,;) HDI (lnyD 
Life expectancy (Xl,;) 1.000 
Adult literacy (X2,;) 0.724 1.000 
Gross enrolment eX3,i) 0.715 0.773 1.000 
HDI 0.938 0.841 0.833 1.000 
PPP GDP per capita 
(log) (lny;) 0.840 0.695 0.780 0.938 1.000 
chosen normalisation condition. This combination is the weighted sum of 
the three variables. The weights are denoted as ¢k. Further details are 
provided in Appendix A, which provides a technical outline of the analysis 
conducted in this section. 
Correlation coefficients between Wi, and its component variables, 
shown in Table 6.3, are all very high, ranging from 0.895 to 0.927 and 
0.894 to 0.908 for the zero- and rank-order coefficients, respectively. 
Each of the preceding results is consistent with the rather high corre-
lations between the three component variables reported above. Wi is also 
very highly correlated with the HDI and with PPP GDP per capita 
measured in logarithmic terms. The zero-order and rank-order coeffi-
cients between Wi and the HDI are 0.976 and 0.956, respectively. The 
corresponding coefficients between Wi and the logarithm of PPP GDP 
per capita (lnYi) are 0.833 and 0.838, respectively. 
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Table 6.3 Correlation coefficients between wellbeing indicators 
Wellbeing index (W; = PC1) 
Zero-order Rank-order 
Life expectancy (Xl) 0.895 0.894 
Adult literacy (X2, i) 0.923 0 .908 
Gross enrolment (X3,;) 0.927 0.905 
HDI 0.976 0.956 
PPP GDP per capita (log) (lny ;) 0.833 0.838 
0.3 ,,-- ---=-~----_____ --_:___:__----,--~---------:--~---_, 
0.2 
0 .1 
-0.2 
• •• • • .+ • 
.•• +. -: 
-0.3 
Logarithm of PPP GOP Per Capita 
Figure 6.1 Scatter plot of wellbeing index and income per capita 
A scatter plot of Wi on the logarithm of PPP GDP per capita is shown 
below in Figure 6.1. There is a close empirical association between the 
two variables, consistent with the correlation coefficients shown in the 
last row of Table 6.3. The line of best fit in Figure 6.1 emphasises this 
point. This line has been obtained using the regression analysis outlined 
in Appendix 6A. Not all points lie on the line, given that the income 
variable does not perfectly explain or account for the inter-country 
variation in Wi' as one would of course expect. Money cannot buy 
everything. The vertical distance between each point and the line is that 
variation or component of Wi that is not explained by income per capita 
or economic wellbeing. A measure of this distance is provided by the 
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Table 6.4 Correlations between Mi and wellbeing indicators 
Variables Zero-ordera Rank-ordera n 
HDI 0.373a 0.242a 173 
Life expectancy (x~) 0.421a 0.262a 173 
Adult literacy (xL) 0.612a 0.513a 173 
Gross enrolment (xL) 0.482a 0.398a 173 
Wellbeing index (w;) 0.554a 0.438a 173 
Note: a Significantly different from zero at the 90 per cent confidence level 
residual or error term, Mi' in the regression equation outlined in 
Appendix 6A. f-ki is central to our analysis. It is, by definition, orthogonal 
with respect to InYi, and, as such, is not subject to the criticism that it 
reveals disappointingly little additional information in inter-country 
wellbeing compared to income per capita. More pointedly, it is inter-
preted as a measure of non-economic or income-independent human 
wellbeing achievement. It is also interpreted, possibly contentiously, as a 
measure both of the success in converting economic wellbeing into non-
economic wellbeing and of the non-economic wellbeing component, 
dimension or domain within the space of W'; .. 
Estimates of Mi values of Wi and all other variables mentioned for the full 
173 country sample are reported in McGillivray (2005). Correlation 
coefficients between Mi and the standard indicators are shown in Table 6.4. 
Of the latter variables, that variable most highly correlated with Mi is adult 
literacy. Those countries with the fifteen highest and fifteen lowest residual 
values are shown in Table 6.5. High residual values indicate that countries 
do better in terms of non-economic or non-income predicted wellbeing 
achievement. The group of countries that does best in terms of this well-
being is dominated by those which either still have or in their recent pasts 
have had non-market, centrally planned economies. Eleven of the top 
fifteen and each of the top ten countries in terms of this wellbeing fall into 
this category. More generally, most of these fifteen countries have mod-
erately low incomes per capita and, albeit to a lesser extent, HDI values. 
These are characteristics of all but three of the thirty countries listed in 
Table 6.5. These three countries are each in the bottom fifteen group. 
They are Luxembourg, Oman and Equatorial Guinea, which are ranked 
among the top 25 per cent of the 173 country sample in terms of income 
per capita. Luxembourg has by far the highest PPP GDP per capita of 
this sample, but its ranking in terms of f-ki is 163, the eleventh lowest 
in the sample. The bottom fifteen countries also include Botswana, a 
middle-ranked country in terms of income per capita. 
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Table 6.5 Wellbeing data: selected countries 
PPP GDP per capita HDI Wellbeing Index Residual 
Country 
Value Value Rank Value Rank Value Rank Value Rank 
(YD (InyD (Wi) C!.L;) 
Tajikistan 1152 7.049 151 0.667 112 0.050 81 0.177 1 
Armenia 2559 7.847 117 0.754 77 0.096 33 0.152 2 
Uzbekistan 2441 7.800 119 0.727 95 0.075 50 0.135 3 
Georgia 2664 7.888 115 0.748 81 0.079 46 0.131 4 
Moldova, 
Rep. of 2109 7.654 126 0.701 105 0.056 78 0,130 5 
Viet Nam 1996 7.599 128 0.688 109 0.040 89 0.118 6 
Azerbaijan 2936 7.985 112 0.741 89 0.069 61 0,113 7 
Suriname 3799 8.242 103 0.756 74 0.083 44 0.103 8 
Cuba 4519 8.416 90 0.795 55 0.095 35 0.101 9 
Mongolia 1783 7.486 134 0.655 113 0.012 106 0.100 10 
Ecuador 3203 8.072 110 0.732 93 0.064 64 0.100 11 
Kyrgyzstan 2711 7.905 114 0.712 102 0.048 84 0.099 12 
Congo 825 6.715 163 0.512 136 -0.059 123 0.098 13 
Philippines 3971 8.287 97 0.754 76 0.081 45 0.097 14 
Ukraine 3816 8.247 102 0.748 80 0.074 52 0.095 15 
Mauritania 1677 7.425 136 0.438 152 -0.196 157 -0.102 159 
Cote d'Ivoire 1630 7.396 139 0.428 156 -0.200 158 -0.104 160 
Vanuatu 2802 7.938 113 0.542 131 -0.152 147 -0.104 161 
Oman 13356 9.500 40 0.751 78 -0.016 114 -0.108 162 
Luxembourg 50061 10.821 1 0.925 16 0.097 32 -0,112 163 
Mozambique 854 6.750 160 0.322 170 -0.270 170 -0,117 164 
Gambia 1649 7.408 137 0.405 160 -0.213 160 -0.118 165 
Central 
African Rep. 1172 7.066 150 0.375 165 -0.244 166 -0.118 166 
Botswana 7184 8.880 64 0.572 126 -0.093 132 -0.129 167 
Burkina Faso 976 6.883 155 0.325 169 -0.286 172 -0.144 168 
Djibouti 2377 7.774 121 0.445 149 -0.214 161 -0.151 169 
Equatorial 
Guinea 15073 9.621 38 0.679 111 -0.053 122 -0.155 170 
Guinea 1982 7.592 129 0.414 159 -0.235 165 -0.157 171 
Niger 746 6.615 168 0.277 172 -0.324 173 -0.158 172 
Angola 2187 7.690 125 0.403 161 -0.253 167 -0.183 173 
6.3 Correlates with JLi: data and results 
f.1-i is a purely statistical construct. Policy makers might be reluctant to, 
for example, monitor a residual obtained from a linear regression of a 
principal component on the logarithm of income per capita. A key 
question, therefore, concerns that variable which best individually 
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accounts for the variation in fLi across countries. Of particular interest 
is whether less widely available, reported or used wellbeing or 
wellbeing-related indicators perform better than the standard indica-
tors, the x~ i and the HDI. 8 If so, then this would appear to be an a 
priori case for the relevant bodies to further develop and report these 
indicators, including expanding their country coverage. It could also 
provide a case for greater use of the available data on them in reporting 
and analysing wellbeing achievement. The following simple hypotheses 
were therefore evaluated: 
Ho: IPnsJI < Ip~axi 
HI : IPnsjl > Ip~axi 
where Pns) is t.he correlation coefficient between J-Li and the jth less widely 
available, reported or used indicator and pr;ax is the highest correlation 
coefficient between J-Li and the non-economic standard indicators, 
respectively, for the sample of countries under consideration. We shall, for 
convenience, label the former as non-standard indicators.9 The null 
hypothesis is that the non-standard indicator under consideration accounts 
for no more of the variation in J-Li than the standard one that does best in 
this regard. The alternative hypothesis is that the former does better than 
the latter in empirically capturing this variation. Both zero-order (Pearson) 
and rank-order (Spearman) coefficients are reported. All coefficients are 
also subjected to the standard hypothesis test; that being whether they are 
significantly different from zero. 10 Two issues relevant to and which ser-
iously complicate the hypothesis testing are discussed in Appendix 6A. 
They relate to the erroneous rejection of the null hypothesis due to mea-
surement error and the manner in which J-Li is constructed. 
The non-standard variables were taken from or constructed using 
data from the Human Development Report 2002 (UNDP 2002) and the 
World Happiness Database (Veenhoven 2002a, 2002b). The variables are 
categorised as follows: Human Poverty, Health Services Provision, 
8 Note that it makes no difference whether one uses xL or Xk,i (the non-transformed 
variables) given the nature of the transformation. . 
9 It is acknowledged that this term is used quite loosely, as the distinction between non-
standard and standard indicators is not always clear. In particular, a number of the non-
standard indicators have been used for some time and are available for large samples of 
countries. In this case, an indicator is in effect deemed 'standard' if it has been used to 
form the HDL Similarly, the term non-economic indicator, used throughout this 
chapter, is used simply to describe an indicator that is not based solely on some measure 
of income per capita. 
10 J.Li and its variants were re-estimated for each of the samples for which data the non-
standard indicators were available. This is necessary to ensure that they are orthogonal 
with respect to lny;. 
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Health Status, Survival, Education Status, Gender Bias, Gender 
Empowerment, Income Inequality, Governance and Happiness. There 
is, of course, overlap between these categories. The governance indi-
cators are subjective and relate to wellbeing derived from civil liberties, 
political rights, non-violence and the like. The happiness variables are 
intended to measure subjective, self-assessed wellbeing. A full list of 
variables and their definitions is provided in McGillivray (2005). 
Results are reported in Table 6.6.11 Fifty-six zero- and rank-order 
coefficients between the non-standard indicators and {Li are reported 
(see the second and seventh columns of Table 6.6, headed Pns,j)' Thirty-
five of the former and thirty of the latter are significantly different from 
zero. Those with the highest correlations with {Li are the contraceptive 
prevalence, youth literacy and women professionals and technicians 
variables. The zero-order coefficients between these variables and {Li are 
0.535, 0.581 and 0.569, respectively. The corresponding rank-order 
coefficients are 0.538, 0.559 and 0.374. Only two of the variables in the 
income inequality, governance and happiness groups, life enjoyment 
and happy life years, are significantly correlated with {Li. 12 
Evaluation of the hypotheses relating to whether the non-standard 
indicators perform better than their standard counterparts in accounting 
for the variation in estimates of {Li and its non-biased alternatives, V~,k,i' 
produced interesting results. 13 The above-outlined null hypothesis, that 
IPnsJI < Ip~axl, cannot be rejected in favour of the alternative in almost 
all cases if former coefficients are obtained using estimates of {Li. As is 
shown in Table 6.6, the estimates of psmax obtained using {Li are larger in 
absolute value than the corresponding Pns,j in all samples. These esti-
mates are shown in the third and eighth columns of Table 6.6, headed 
lLi. Moreover, in almost all cases the standard variable that was most 
correlated with lLi was adult literacy (x~ i) (see the fourth and ninth 
columns of Table 6.6).14 ' 
11 Estimates of the residuals were obtained using different, non-logarithmic transforma-
tions of Yi consistent with various alternative values of s in equation (6A.4). Broadly 
similar results were obtained. These details are also available, on request, from the 
author. 
12 It has been suggested that the correlations between these variables and /-ii will be a 
decreasing function of their correlations with InYi, with, in particular, the indicator most 
highly correlated with /-ii being that which is most lowly correlated with InYi. In 
McGillivray (2005) it is shown that while variables highly correlated with InYi tend to be 
lowly correlated with /-ii the relationship is not a systematic one in the sense suggested. 
13 Note that the term 'bias' here is used loosely, simply to refer to estimates of /-ii that do 
not cause the erroneous rejection of the nuIl hypothesis due to the problems discussed 
in Appendix 6B. 
14 The result is also broadly consistent with a position taken in Doyal and Gough (1991: 
181-184), which was to measure the basic need for autonomy using adult literacy. 
Table 6.6 Correlation coefficients between estimates of fLi and wellbeing indicators 
Zero-order Rank-order 
pr:ax pr:ax 
Variables PmJ ILi Variable vi q,kji Variable PnsJ ILi Variable i q,k,i Variable n 
Human poverty 
Human poverty index -0.4833 0.629a x~. 0.374a x~ . -0.470a 0.6273 x~ . 0.381 " x~ . 87 
" " " 
,! 
Survival to 40 -0.4283 0.615a ~. 0.390" ~. -0.342" 0.595a x~ 0.410" ~. 116 
" " " " Water usage -0.182 0.636a x~ . 0.393a x~ . -0.221a 0.623a x~ O.411a x~ . 108 
" 
,t 
" " Poverty headcount ($1) -0.278a 0.586a x~ . 0.275a x~ . -0.215 0.546a x~. 0.336a x~ . 60 
,! 
" 
,j 
" Poverty headcount ($2) -0.200 0.588a x~ 0.276" ~. -0.196 0.546a x~ . 0.336a x~ . 60 
" " " " 
Health services 
Sanitation facilities 0.199a 0.615a x~ . 
,I 0.357
a ~. 
,j 0.139 0.512a x~. ,I 0.328a x~ . ,z 123 
Drug access -0.042 0.610a x~ . 0.433a ~ -0.094 0.510a x~. 0.380a x~ . 170 
" 
,z ,z 
" Water services 0.185a O.572a x~ . 0.352" 4· 0.076 0.497a x~. 0.320a x~ . 165 ,I ,z ,z 
" Measles immunisation 0.456a 0.609a x~ . 0.459" ~. 0.416a 0.593a x~. 0.439a x~ . 165 
,I ,z ,z 
" Tuberculosis immunisation 0.394a 0.636a ~. 0.431 " .xL2 0.398a 0.514a Xz· 0.385a xL2 . 140 
" 
,. 
,z ,! 
Oral rehydration -0.205 0.769a x~ . 0.615a x~ . -0.015 0.784" x~. 0.666a x~ . 56 
" 
" 
" 
,! 
Contraceptive prevalence 0.535a 0.682a x~ . 
,I 0.483
a ~. 
,l 
0.538a 0.629" x~. 0.442a x~ . 91 
" 
,! 
Birth attendance 0.371 a 0.651 a ~. 0.460a x~ . 0.327a 0.610" x~ . 0.4523 x~ . 122 
" " 
,x ,z 
Physicians 0.389a 0.6323 ~. 
,! 
0.445" x~ 
,! 0.413
a 0.516a x~ ,. 0.394a x~ . 
,! 165 
Health status 
Undernourishment -0.132 0.671a x~ . 0.486a x~ -0.120 0.678a x~. 0.517a x~ . 101 ,z 
" 
,z 
" Underweight children -0.257a 0.662a x~ . 
,! 
0.456a x~ . 
,z -0.286" 0.634" x~. 0.452" x~ 124 
" 
,z 
Underheight children -0.186" 0.667" x~ . 
,! 
0.454a x~. 
,! 
-0.186" 0.639a x~ , 0.443a x~ . 118 
" 
,z 
Table 6.6 (cont.) 
Zero-order Rank-order 
pr;'"ax pr;a)( 
Variables PnsJ Il-i Variable vi q,k,i Variable PnsJ Mi Variable vi q,k,i Variable n 
0 
Underweight infants -0.281 8 0.619a x~ 0.448a x~ . 
" 
,I -0.286
8 0.4743 xt· ,t 0.3813 x~ . ,t 150 
Adults with HIVIAIDS -0.2908 0.5878 x~ 
,t 0.408
8 x~. 
,t -0.325
8 0.4853 x~· 
,t 
0.3928 X~ . 
,! 144 
Women with HIV/AIDS -0.2138 0.7178 x~ . 
,! 0.505
8 xt· ,x -0.197a 0.4613 X~' ,! 0.3488 X~ . ,t 73 
Malaria cases -0.3468 0.6978 x~, 
,t 0.514
8 x~, 
,! 
-0.3428 0.7238 X~' 
,! 
0.4948 X~ . 
,! 
84 
Tuberculosis cases -0.2058 0.6173 x~ . 
,z 0.437
8 X;. 
-,! -0.038 0.516
3 x~ . 
,! 0.384
8 x~, 
,t 170 
Cigarette consumption 0.132 0.5698 xt· ,t 0.3598 x~ . ,t 0.143 0.358a xt· ,z 0.216a :4. ,z 110 
Survival 
Infant mortality rate -0.3938 0.6128 x~ , 
,! 0.429
8 xt· ,t -0.2038 0.509a x~, ,! 0.376'" xz · ,! 172 
Child mortality rate -0.4198 0.5133 xt· ,! 0.4298 x~ , 
" 
-0.2048 0.5098 X~ . 
,t 0.376
a X~ . 
,t 172 
Survival to 65 (females) 0.4258 0.6138 x~ . 
,t 0.434
3 xt· ,z 0.2738 0.5178 X~ . ,! 0.391 8 x~. ,! 166 
Survival to 65 (males) 0.3478 0.6138 ~. 
,z 0.434
8 X~ . 
,z 0.233
a 0.5178 X~ . 
,t 
0.391 a ,xl2 . 
,z 166 
Maternal mortality rate -0.4168 0.6408 x~. 0.4468 x~ . -0.174a 0.5718 x~, 0.3439. x~, 144 
,x 
" 
,z ,z 
Education status 
Youth literacy rate 0.581"" 0.6308 xz· ,! 0.426
8 xz· ,J 0.5598b 0.611 a xt· ,t 0.4288 xz· ,! 128 
Primary school enrolment 0.445 8 0.5488 xZ' ,t 0.3689. Xz, ,t 0.3498 0.451 8 xz· ,z 0.3458 xz· ,I 122 
Secondary school enrolment 0.3178 0.5508 x~. 
,! 0.394
8 ~. 
,! 
0.186 0.369a x~ . 
,! 0.279
a x~. 
,I 95 
Children grade 5 0.062 0.5078 xt· ,x 0.3978 xz· ,z 0.092 0.4828 xz· ,I 0.289El xZ' ,I 48 
Gender bias 
Gender-related development index 0.357a 0.587!> xZ' ,! 0.3898 xt· ,z 0.243 8 0.4958 ~, ,t 0.3558 xz· ,! 146 
Human development disparity -0.3908 0.587a xt· ,! 0.3898 Xz , ,t -0.4368 0.4953 xz· ,I 0.3558 xz· ,! 146 
Life expectancy ratio 0.3408 0.6138 x~. 
,! 0.434
a xt· ,! 0.3808 0.5178 Xz . ,I 0.3908 xz· ,! 166 
Adult literacy ratio 0.4568 0.5838 ,xl2 . 
,z 0.387
8 
,xl2 . 
,! 0.358
3 0.4908 ~. 
,! 
0.3518 x2' ,! 149 
School enrolment ratio 0.460a 0.6093 x~ . 0.435a x~ 0.3722 0.5092 x~ , 0.3822 x~ , 162 
" " " 
,t 
Earned income ratio 0.130 0.659a x~ . 0.418a x~ , 0.115 0.6622 ~. 0.4502 x~ , 90 
" " " 
,t 
Gender empowerment 
Gender empowerment measure 0.265a 0.629a x~ . 0.306a x~ , 0.127 0.4782 x~ , 0.141 x~ . 66 
" 
,! ,I 
" Women in parliament 0.113 0.5942 ~. 0.411 a x~ . 0.127 0.4583 ~. 0.338a X~ . 170 
,I ,I ,t 
" Women in senior positions 0.4572 0.6802 x~ 0.4092 ~. 0.3642 0.4838 x~ . 0.2252 x~. 77 
,l ,I 
-,' 
" Women professionals & technicians 0.5692 ,b 0.6802 x~ , 0.4093 x~ , 0.3742 0.480a x~ , 0.218a x~ 78 
,t ,t 
" " 
Income inequality 
Gini coefficient -0.117 0.6092 ~,i 0.4202 x~ , -0.048 0.4042 x~, 0.301 a x~ 116 ,I 
" 
,l 
Income share ratio (20%) -0.154 0.609a ~. 0.420a ~. -0.040 0.4043 x~ . 0.301" x~ 116 
" 
,l 
" 
,l 
Income share ratio (10%) -0.128 0.6092 x~. 
,I 0.420
2 ~. 
,l 
-0.049 0.404" x~, 0.301" x~ . 116 
" 
,t 
Governance 
Polity score 0.144 0.6142 x~ . 0.439" x~ 0.111 0.625 x~ , 0.3952 x~ , 147 
" 
,I 
" 
,! 
Civil liberties -0.100 0.612a ~. 0.4298 x~. -0.107 0.513 x~ . 0.381 a x~ , 173 
,I ,l 
" " Political rights -0.113 0.6128 x~ . 0.4298 ~. -0.103 0.513 x~. 0.381" x~ . 173 
,! ,! 
" 
,I 
Press freedom -0.067 0.6133 :02 ' ,! 0.429
8 x~ . 
,! -0.078 0.509 :02 . ,I 0.376
2 ~, 
,t 173 
Voice and accountability 0.058 0.621 a x~ , 0.4532 x~ 0.064 0.497 x~ 0.3678 x~. 156 
,t ,I ,! 
" Political stability and non-violence -0.046 0.628a ~,i 0.455a x~ , -0.074 0.509 x~ . 0.373a x~, 151 ,I 
" " Law and order -0.087 0.6112 x~ . 0.4328 ~. -0.117 0.510 ~. 0.380a ~. 159 
,I ,! ,! 
" Rule of law -0.046 0.628a x~ 
,I 0.455
8 x~ , 
,t -0.074 0.509 x~ , ,! 0.373a x~ ,t 151 
Happiness 
Life enjoyment -0.410a 0.653a ~. 0.453* ~. -0.361a 0.317 ~. 0.203 x~ , 66 
" 
,t ,t 
" Happy life years -0.209a 0.653a x~ 0.433* ~. -0.228a 0.317 x~ . 0.203 x~ 66 
,I 
" 
,I ,! 
Life enjoyment inequality -0.036 0.691 a x~ , 0.507* x~ , -0.030 0.319 x~ . 0.273a x~ . 55 
,l ,l ,I 
" 
Notes: 
a 
- significantly different from zero at the 90 per cent confidence level or greater. 
b 
- significantly greater than adjusted pr;'ax at the 90 per cent confidence level or greater. 
x~ i-is transformed adult literacy. 
, 
xL - is transformed gross school enrolment. 
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That the null hypothesis cannot be rejected is not surprising given the 
measurement error and construction issues and resultant inflation of 
psmax, as discussed above. Much lower values of these coefficients were 
obtained from regressing V~,k,i on the standard indicators. These coef-
ficients are shown in the fifth and tenth columns of Table 6.6, headed 
vi k .• 15 The null hypothesis still cannot be rejected in almost all cases. q, ,z 
The only sample for which adult literacy was not the most highly cor-
related variable with these adjusted residuals was that determined by the 
availability of the Human Poverty Index (HPI). For that sample, school 
enrolment (x~,i) was the standard indicator most highly correlated car-
dinally and ordinally with the chosen V~,k,i' It should be noted, however, 
that these coefficients were not significantly higher those that between 
adult literacy and this residual for the same sample. 
The null hypothesis, that IPnsJI < Ip~axi was ultimately rejected for 
two variables only: youth literacy and women professionals and tech-
nicians. That is, both variables are significantly more highly correlated 
with this chapter's measure of non-economic wellbeing than any of the 
three standard variables. This was the case for both the zero- and rank-
order correlation coefficients for the former, but for only the zero-order 
correlation for the latter indicator. There would appear, therefore, to be 
case for further development and use of these indicators in the ways 
mentioned above. 
6.4 Conclusion 
A range of indicators has been used over recent decades in an attempt to 
capture non-economic dimensions of human wellbeing empirically. Most 
of the commonly used indicators, available for large country samples, are 
very highly correlated with various measures of income per capita. Given 
this, they have been criticised for not being able to tell us much more than 
income per capita alone and, as a consequence, for not sufficiently cap-
turing non-economic dimensions of cross-country wellbeing achieve-
ment. This chapter has responded to this criticism. It identified the 
variation in a composite of the most widely used non-economic wellbeing 
indicators not accounted for by income per capita. It did this by regres-
sing this composite on the logarithm of PPP GDP per capita, observing 
the values of the residual term of the regression. This residual was 
interpreted as an income-independent, or non-economic, measure of 
15 Columns 5 and 10 of Table 6.6 report the largest correlation coefficients obtained 
regressing each V~,k,i on each xL. 
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national wellbeing achievement. Estimates of this residual were provided 
for 173 countries. An interesting result is that the top-ranked countries, in 
terms of non-economic wellbeing achieved measured according to this 
residual, were dominated by those which either still have or in their recent 
pasts have had non-market, centrally planned economies. The bottom-
ranked countries were far more diverse, seemingly without a unifYing, 
common characteristic. 
The chapter then looked at correlations between its measure and 
other less widely used wellbeing indicators in an attempt to find the 
indicator which best captures non-economic wellbeing achievement. 
The rationale for this is that the above-mentioned residual is a purely 
statistical construct, derived from a series of econometric procedures. 
It is not what might be described as a direct measure of wellbeing, 
therefore. As it turned out, only two of the less widely used indicators 
perform better in this regard than a standard indicator. Those variables 
were youth literacy and a gender empowerment variable, the female 
share of professional and technical employment. In all other cases 
a standard, widely used measure performed best in this regard. 
That variable was the adult literacy rate. This was a particularly 
robust result, which was obtained consistently across different 
samples of countries and under different assumed error measurement 
scenarIOs. 
What are the implications of these results? Most obviously, it suggests 
that if we wish to use a measure of wellbeing, in the sense defined above, 
that best captures this chapter's notion of non-economic wellbeing 
achievement, across different samples of countries, we should be using 
the adult literacy rate. This is an interesting finding, to the extent that 
the adult literacy rate is subject to the above-mentioned criticism 
regarding correlations with income. It is also disappointing, on the one 
hand, that there have been many attempts to shift the focus away from 
the standard measures, including adult literacy, towards newer, hope-
fully more enlightening indicators. On the other hand, it is not dis-
appointing, given that such a widely used measure performs so 
consistently well in capturing non-economic wellbeing achievement. 
With regard to the female share of technical and professional employ-
ment and youth literacy variables, there would appear to be a case for 
expanding the coverage, reporting and usage of these indicators if one is 
to measure non-economic wellbeing achievement comprehensively with 
a variable other than one obtained by construction, using econometric 
techniques. Greater coverage of the former variable would appear to be 
especially warranted, given that it is available for a relatively small 
sample of countries. A message for policy from this result is that if we 
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want to promote non-economic wellbeing, as defined in this chapter, we 
should continue to strive for improvements in adult literacy. This 
message is made stronger given the result for youth literacy. 
Finally, let us consider some possible directions for future research. 
First, while this chapter has made some attempt to account for mea-
surement error in the standard indicators, further work on this is clearly 
required both at a conceptual level, involving further consideration of 
the source of measurement error and at the purely empirical level. The 
nature of the errors might be different or more complicated than envi-
saged in this chapter. As such, it is not beyond the bounds of imagi-
nation to speculate that the correlation between the variants of fLi and 
adult literacy is due to errors in measurement not captured in this 
chapter. Further tests for the sensitivity of this result to possible mea-
surement error would appear to be warranted, therefore. Second, there 
is far from universal acceptance that a logarithmic transformation of 
income per capita, used in this chapter, is appropriate. Alternative 
transformations could be investigated. Third, non-economic achieve-
ment could be measured using period-averages of the relevant data 
instead of data for a single year. This might better capture long-run 
relationships between income and the non-economic indicators. Fourth, 
one could account for possible endogeneity between income and the 
non-economic indicators in estimating the residual between them. Fifth, 
rather than seeking to correlate this chapter's measure of non-economic 
wellbeing achievement on a single variable, one could look at correlating 
it against a composite of a number of indicators, thereby providing a 
multidimensional non-economic wellbeing achievement indicator. 
Finally, rather than seeking a variable or variables which are merely 
associated with the chapter's constructed measure of wellbeing 
achievement, one could undertake a far more sophisticated analysis that 
looks for causal relationships. 
Appendix 6A: estimation of a non-economic 
wellbeing measure 
We commence with the following composite, 'standard' index of non-
economic wellbeing for country i: 
m 
Wi = L¢k X~,i i = I, ... ,no (6A.l) 
k=l 
where xt i are appropriately transformed values of the wellbeing indi-
cators Xk,'i and the ¢k are weights. The Xk,i are 'standard' non-economic 
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Table 6A.l Principal components analysis results 
Principal components 
Eigenvalue 
Cumulative per centage of eigenvalues 
Component 
weights (¢k): Life Expectancy (xI,D 
Adult literacy (X2) 
Gross enrolment (X3,;) 
First 
(PC1,.=w.) 
2.510 
83.654 
0.565 
0.582 
0.585 
Second 
(PC2,;) 
0.293 
93.424 
-0.824 
0.441 
0.356 
149 
Third 
(PC3 ) 
0.197 
100.000 
-0.051 
-0.683 
0.729 
wellbeing indicators, defined above. Wi captures the maximum 
obtainable information from the Xk,i subject to an appropriate condition. 
This is achieved by choosing the ¢k that maximises the variance of Wi 
subject to a normalisation condition. ¢kS are therefore obtained by 
principal components analysis, with Wi being the first principal com-
ponent extracted from the xL and ¢k being an (m x 1) eigenvector. The 
corresponding eigenvalue is ~k and the normalisation condition is that 
¢~ equals Ak' 
The principal components analysis was conducted using the com-
puter program SHAZAM, which allows the analysis to be done on a 
number of alternative matrices. The correlation matrix was chosen, 
which is appropriate when the original variables are measured in dif-
ferent units, as is the case with the Xk,i' This dictated that the xk.i ' in 
equation (6A.l) above, from which W'i were extracted, were obtained 
through the following transformation of the xkJi : 
Xk'-Xk' t _ ,z ,1 
xk,i - ------'..---'----:-1 [t (Xk,i - Xk,i)2 P 
1=1 J 
(6A.2) 
where the bar denotes a mean value. This is a linear transformation. For 
further details see Whistler, White, Wong and Bates (2001). 
Results of the principal components analysis, which is based on the 
transformed components, X~ i' are shown in Table 6A.l. Wi, the first 
principal component perforrri.s very well in extracting information from 
the three component variables, capturing 84 per cent of the eigenvalues. 
The component variable weights ¢k are very similar, varying from 0.565 
to 0.585. 
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Values of f-li were obtained by estimating the following regression 
equation: 
Wi = ex + InYi + fLi (6A.3) 
where InYi is the logarithm of PPP GDP per capita. The logarithm is 
used to reflect diminishing returns to the conversion of income into 
economic wellbeing. The use of logarithmic values is consistent with the 
well-known Atkinson formula for the utility or wellbeing derived from 
income. This formula is written as follows: 
(6A.4) 
where W(Yi) is the utility or wellbeing derived from income and 8 
measures the extent of diminishing returns. As 8 approaches 1 W(Yi) 
becomes the logarithm of Yi' Selecting values for 8 can be contentious, 
and for this reason alternative transformations of Yb obtained from 
Equation 6A.3 but with different values of , are also used later in this 
chapter. Anand and Sen (2000) provide a detailed discussion of this 
issue in the context of the HDI. Note also that while income is seen as 
a wellbeing indicator in its own right, it is also seen as a means for 
converting economic wellbeing into non-economic wellbeing. Allow-
ing for diminishing returns is justified in this context given the 
boundedness of many non-economic indicators and the increasing 
costs associated with greater achievement in others (such as life 
expectancy) . 
Regressing Wzj on In Yi yielded the following equation: 
Wi = -0.755 + 0.089 InYi. 
(-19.50) (19.67) (6A.5) 
The numbers in parentheses are t ratios. The R2 and iF are 0.694 and 
0.692, respectively. 
Appendix 6B: hypothesis testing issues 
First consider measurement error. While few if any wellbeing indicators 
considered thus far are free of measurement error, arguably those 
subject to greatest error are the standard non-economic indicators, 
as defined. This is of relevance to the above hypothesis tests given 
its implications for Wz', as can now be demonstrated. Let the true, 
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unobservable and measurement error-free variable be 
relationship with Wi is: 
~ = ~* +fL; 
151 
* Wi, Its 
(6B.I) 
where fii is the error in measuring Wi *. It follows from (7 6B.I) that ILi is 
a composite variable, defined as: 
(6B.2) 
where Vi is the true measure of non-economic wellbeing achievement, as 
defined above. 
Given (6A.I), ILi is defined as: 
m 
* ~ A. t.* fli = ~ '+'k fik,i (6B.3) 
k=l 
where IL~: are the errors in measuring x~:. ILi is thus a composite error 
term, with the same general structure ~s the wellbeing indicator Wi. 
It follows from (6A.I), (6B.I) and (6B.2) that regressing fii on X\,b 
t t t t t· h '1 f . x 2,i or x 3~h x l~i' X 2~i or x 3,i IS t e equlva ent 0 regressmg 
(Vi + fJ-i) on (x~,;. + ¢1fJ-~';), (xi; + c/J2flij) or (xi;· + c/J3fLi,:') , respectively. 
A regression of fii on the HDI also involves regressing of fii on itself 
given that the HDI shares variables with Wi. The resulting correlation 
coefficients will therefore be distorted upwards, in absolute terms, in the 
sense that each regression involves regressing p.,i on itself or on one of its 
components. This in turn means that pr:ax will be distorted upwards, 
therefore, possibly leading to the erroneous rejection of the null 
hypothesis outlined above. The nature of this measurement error pro-
blem is different to that usually discussed in econometrics textbooks, as 
it involves coefficients which are pushed away from zero rather than 
being biased towards them. 
Addressing this issue is less than straightforward as we are required to 
speculate as to likely values of p.,i to obtain Vi. Vi can then be regressed on 
X\i' Xt2~h X\i and the HDI to obtain a less distorted pr:ax • The issue was 
finally addressed as follows. Given (6B.I) and (6B.2), we can, after 
some algebraic manipulation, write the following equation: 
~ = a + InYi + Yq 7tq,i + \Jq,i (6B.4) 
where Yq7tq,i are alternative estimates of p.,i- 7tq,i is one of q variables and 
Yq are the corresponding parameters. A number of different formula-
tions of 7tq,i and values of Yq were considered. Three formulations and 
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values were, in the final analysis, adopted. These formulations are, of 
course, necessarily no more than informed guesses as to the likely 
values of ILi. No attempt was made to guestimate the /L~:, and, as such, 
each of the x~ i are assumed to be approximately equdUy erroneously 
measured. ) 
It is reasonable to assume that error in measuring Wi will be subject to 
a random process but also be a decreasing function of the resources a 
country allocates to the collection and reporting of aggregate wellbeing 
data and the effectiveness with which these resources have been allo-
cated. Moreover, it is also reasonable to posit that both of the second of 
these factors will be an increasing function of the income per capita. The 
formulations of JTq,£ are based on these assumptions. The first, JTq,i' was 
defined as a standard random variable with a mean of zero and variance 
of one, expressed as a ratio of the reciprocal of InYi. For a given random 
value, therefore, JT 1,i will be smaller the larger a country's income per 
capita is and vice versa. In estimating (6B.4) with JTl,b the value of Yl 
was unrestricted, being determined purely by the data. This is appro-
priate, as the resulting estimate of /hi will be scaled in proportion to Wx" 
JT2,i was defined as a random normal variable but with a mean, standard 
deviation and variance differing according to country group. Fqr low-
and middle-income countries the standard deviation was four and two 
times that of the high-income countries, respectively. Y2 was determined 
by the data to ensure that the corresponding estimate of /hi is in pro-
portion to Wi' Finally, JT3,i was defined as a uniform random number, 
but with its range being set according to some fraction of Wi, This 
fraction was set at 0.025, 0.05 and 0.20 for high-, middle- and low-
income countries, respectively. Y3 was restricted to one in estimating 
(6B.4) with JT3,i' 
The second issue also relates to p~ax and the possible erroneous 
rejection of the null hypothesis outlined above. It is obvious from (6A.1) 
and (6A.2) that: 
m 
j.1-i = I: ¢k x~,i - (O! + lnyi) ( 6B.5) 
k=l 
It follows from (6B.S) that regressing j.1-i on X\b Xt2J b or X\i to obtain 
pr:ax is the equivalent of regressing J-Li partly on itself. This also applies to 
regressing /hi on the HDI. As is the case with measurement error, this in 
turn means that pr;ax will be pushed upwards, purely by construction. It 
might hardly be surprising, therefore, if the null is rarely rejected. This 
issue was addressed by first subtracting each ¢kX~ i from Wx· prior to 
regressing the latter on InYi and YqJrq,i to obtain adjusted estimates of 
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Vq,i, denoted as V~,k,i That is, Wi - ¢lxL was regressed on InYi and YIJrl,i 
to obtain vC,i This was repeated, subtracting ¢2X~,i and then ¢3xL from 
Wi to eventually obtain VC2,i through to V;,3,i' Given that k = 1, 2, 3 and 
q = 1,2,3, this resulted in nine residuals and in turn nine zero-order 
correlation coefficients and nine rank-order coefficients, for each sam-
ple, from which the pr:ax were obtained. The residuals obtained from 
these processes were then regressed separately on xL to obtain adjusted 
correlation coefficients, from which pr:ax is ultimately selected. 
No attempt was made to obtain adjusted correlation coefficients 
between fLi and the HDI. This was of no practical consequence, given that 
the unadjusted coefficients between these variables did not qualify as Pr:ax. 
Note also that another method of addressing this issue is to re-estimate 
(6A.1), successfully dropping each of the component variables, one at a 
time. This method was also used, but produced very similar results to that 
described above. 
